Iroquois (Irx) proteins comprise a family of homeodomain-containing transcription factors involved in patterning and regionalization of embryonic tissues in both vertebrates and invertebrates. The six murine Irx genes are organized in two clusters, each consisting of three genes. Irx1, Irx2 and Irx4 belong to the IrxA cluster on chromosome 13, whereas Irx3, Irx5 and Irx6, comprising the IrxB cluster, are located on chromosome 8 (Peters et al., Genome Res. 10 (2000) 1453). Developmental expression patterns have so far only been reported for ®ve Irx genes. Here, we investigated the expression pattern of Irx6 during mouse morphogenesis and early organogenesis. The pattern was found to be much more restricted compared to the other ®ve Irx genes, and its level of expression was much lower. q
Results
Recently we reported phylogenetic, linkage, and physical mapping studies of the murine Irx gene family including the identi®cation of one new member, termed Irx6 (Peters et al., 2000) . Comparative sequence analysis of the Irx family members revealed that a previously described gene, also termed Irx6 (Cohen et al., 2000) , corresponded to the sequence of mouse Irx2 (Bosse et al., 1997; Christoffels et al., 2000; Peters et al., 2000) . Here we report the expression pattern of the novel family member for all stages of embryonic development for which expression data of the other ®ve Irx genes have also been published.
Of all Irx genes, Irx6 showed the weakest expression as exempli®ed in Fig. 1 . By whole-mount in situ hybridization we were unable to detect more than a diffuse staining up to E10.5 (data not shown). Using non-radioactive in situ hybridization on sections, Irx6 expression was ®rst detected at E10.5 in the heart, restricted to the endocardium that lines the atrial and ventricular myocardium, similar to Irx5 (Christoffels et al., 2000) . No expression was found in the endocardium lining the cardiac cushions. This speci®c expression was also found in later stages of heart development ( Fig. 2A,B) . Next, we analyzed expression in the neural tube, a structure in which most of the Irx genes were found to be expressed (Bosse et al., 1997 (Bosse et al., , 2000 Bruneau et al., 2000) . First expression of Irx6 was detectable at E11.5 (Fig. 3A) showing a distinct staining in the ventral regions, most likely in the motor neurons. This speci®c expression did not change with further development, except for a slight additional expression in the ventricular zone which, however, is only detectable by sectioning of whole-mount stained embryos (Fig. 3B ). The expression pattern of Irx6 in the neural tube was similar to that of Irx5 (Bosse et al., 2000) , which is additionally transcribed in a region specifying interneurons (Fig. 3C ).
Transcripts of all Irx genes except for Irx4 could be detected in the limb buds. We found Irx6 expression in fore and hindlimbs at E10.5 but only at very low levels in the proximal regions in the mesenchyme (data not shown). At E11.5 this domain of expression was maintained and expanded distally at the anterior side in both fore and hindlimbs (Fig. 3D) . Later, Irx6 expression became restricted to the interdigital web as shown for E12.5 and E13.5 (Fig. 3E,F) .
As shown for all other Irx genes, Irx6 is also expressed in the developing eye (Fig. 4A ). Similar to Irx4 (Bruneau et al., 2000) (Fig. 4B) , Irx6 expression was con®ned to the marginal zone of the neural layer of the retina (E13.5) with a clear anterior extension. The only further distinct sites of Irx6 expression were the area lining the lumen of the otic vesicle (Fig. 1B) including the region giving rise to the ganglion complex of cranial nerves (CN) VII 1 VIII (Fig.  4C ) and the mammary gland primordium (Fig. 4D) . All published Irx genes showed a wide expression in mid-and hindbrain regions. We were unable to detect Irx6 transcripts in these regions except for two spots in the pons, where the motor nuclei of CN VII will develop (data not shown). In conclusion, Irx6 shows the most restricted expression pattern amongst all Irx genes.
Methods
In situ hybridization on whole mounts (Xu and Wilkinson, 1998 ) and on sections (Moorman et al., 2001 ) have (A,B) , Irx6 is restricted to the endocardium (end) that lines the forming chambers. As a control expression of the ANF gene is shown (C) which is indicative for the myocardium (myo) (Zeller et al., 1987) . OFT, out¯ow tract; mes, mesenchyme; RV, right ventricle; RA, right atrium. Fig. 3 . Expression pattern of Irx6 in neural tube and limb buds. In situ hybridizations on sections (A, E11.5) or vibratome sections of wholemount in situ hybridizations (B,C, E12.5) of neural tubes are shown for Irx6 (A,B) and Irx5 (C). For both genes strongest expression was found at the ventral side of the neural tube; however, Irx6 was hard to detect by hybridization on sections (A). Therefore, 100 mm vibratome sections of whole-mount in situ hybridized embryos were generated (B,C). Irx5 was also found to be expressed in the medial region (C). Irx6 expression in the limb buds is presented for E11.5 (D), E12.5 (E) and E13.5 (F). Forelimbs (top part of D,E,F) and hindlimbs (bottom part of D,E,F) are shown with the anterior side to the top and distal to the right. Expression was always con®ned to mesenchymal cells. At E11.5 expression of Irx6 was observed in the proximal region of the limb buds with a slight shift at the anterior side towards distal. At E12.5 and E13.5, expression was found to be restricted to the interdigital web. Expression of Irx6 was detected in the mammary gland primordium at E13.5 and in parts of the skin. Skin expression, however, was very weak and locally restricted in a variable pattern.
been performed as described. The Irx6 probe was derived from sequence position 603±1425 (Peters et al., 2000) .
